Introduction
Ever increasing demand of useful energy and depletion of conventional energy resources gives rise to highly energy efficient and compact thermal systems. In the last few decades, more attention is being focused towards performance upgradation of energy exchange devices utilized in solar energy collection and storage systems. Rectangular channel is one of the simplest and widely used types of heat exchanger in which heat energy is being exchanged between absorber wall and air flowing through the system. The major drawback of rectangular channel use is low overall thermal performance due to low heat transfer rate between heated wall and air. In order to attain higher thermal performance, it is desirable that the flow of the heat transfer surface should be turbulent [1] [2] [3] . The purpose of introducing baffles in the air channel is to create turbulence, so as to raise the heat transfer rate. In order to create turbulence, baffles are placed into the forced flow to make a secondary flow, or swirl/vortex. These are utilized to rise the heat transfer in various engineering applications, including heat exchangers, vortex combustors, and solar air channels [4] . Baffles with different shapes are used, including delta-shaped, winglets, rectangular-shaped winglets, V-shaped, perforated, and multiple baffles that can be attached and bent away from the plate to create turbulence in -------------- the flow field, which results in enhanced heat transfer [5] . Various investigators have studied the heat transfer enhancement and pressure drop produced by fixing baffle elements of various shapes, sizes, and orientations an artificial roughness on a heated plate [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] .
Yeh and Chou [6] improved the collector efficiency of an solar air heater (SAH) duct by attaching fins with baffles on the underside of the collector. Park et al. [7] experimentally determined the thermal performance of a rectangular air channel with angled shaped baffles to produce roughness on the heated wall of an SAH. Liu et al. [8] used angled baffles as roughness shapes and examined the thermal performance with two opposite baffle-roughened walls for Reynolds number, values in the range of 10 000-80 000. Maurer et al. [9] investigated the thermal performance of V-shaped and W-shaped ribs provided on one side or both sides of a test channel for Reynolds number range of 80 000-500 000. Sriromreun et al. [10] through experimental predictions of the turbulent fluid-flow and heat transfer characteristics for an air channel with Z-shaped baffles. Mousavi and Hooman [11] carried out a systematic experimental and numerical study on the laminar flow, Nusselt number, and friction factor, f, in an air channel fitted with staggered-baffle tabulators. Experimental work was also carried out to validate their numerical results. Sara et al. [12] investigated the local heat transfer in a channel having a flat surface with solid and perforated rectangular blocks. The results were compared with those of parallel channels without blocks. Hwang and Liou [13] examined the effects of perforation baffles on the local Nusselt number and local f in a channel. Their study indicated that perforated baffles had the advantages of eliminating the hot spot and providing better thermal performance. Chamoli and Thakur [14] conducted an indoor experimental investigation to study the local Nusselt number and f values of air passing through an air channel that was roughened by V-shaped perforated baffles. Alam et al. [15] experimentally investigated the thermohydraulic performance of a rectangular SAH duct equipped with V-shaped rectangular perforated blocks attached to the heated surface.
As per according to literature review, shows that the transverse baffles shape improves the heat transfer by stream separation and generation of vortices on the upstream and downstream of baffles and reattachment of stream in inter-baffles spaces. By angling (inclined) the baffle, the vortices can move along the baffle, with the fluid entering near the leading end of the baffle and coming out near the trailing end, and subsequently joining the main stream, creating span wise rotating secondary flows, which are responsible for the significant span wise variation of the heat transfer coefficient. V-down pattern baffles of extending angled baffles benefits in the formation of two secondary stream cells as compared to one in the case of an angled baffles resultant in a still higher heat transfer rate. Producing discrete in the inclined baffle is found to augment the heat transfer by breaking the secondary stream and producing higher level of turbulence in the fluid downstream of the baffles. It is a possibility that discrete V-pattern baffle will augment heat transfer compared to without discrete Vpattern baffle. To the best of our knowledge, no such type of experimental study has been reported on a rectangular baffle roughened channel with discrete V-pattern baffle.
Experimental details

Details of experimental set-up
To study the effect of discrete in the limbs of V-pattern baffle turbulent promoter on the Nu b and f b of air-flow an experimental set-up was designed and fabricated as per the recommendations of ASHRAE standard [16] . A schematic diagram of an experimental set-up and photographic view are shown in fig. 1 . The set-up included a rectangular wooden channel associated to a centrifugal blower through a circular galvanized iron pipe. The rectangular channel had a flow cross-sectional width, W, of 300 mm, height, H, of 30 mm, and W/H of 10. It consisted of inlet and exit sections that were interposed by test sections. The upper wall of the test section was heated by an electric heater that provided a consistent heat flux over the entire top surface. Air mass flow rate through the rectangular channel was calculated with a calibrated orifice meter that was linked to a U-tube manometer. Air-flow was regulated with two gate valves that were linked in the lines. The temperature was measured at various locations with calibrated 0.3 mm diameter Cu constantan thermocouples, which were linked to a digital micro voltmeter (DMV) to display the temperature. The pressure drop across the test section was deliberate with a micro-manometer with a least count of 0.001 mm of water. All data were deliberate under steady-state circumstances. 
Range of parameters
The rectangular channel has a length of test section L t = 1200 mm. The height of channel is 30 mm and width is 300 mm, the hydraulic diameter, D hd = 4A/P = 2H = 54.54 mm. fig. 2 , and tab. 1 gives the range of parameters.
Data reduction
The data collected have been used to compute h t , Nu, and f. Relevant expressions for the computation of these parameters and some intermediate parameters have been given. 
Figure 2. Discussed discrete V-pattern baffle
The mean temperature of the plate is the average of all temperatures of the heated plate:
The mean air temperature T f is a simple arithmetic mean of the measured values at the inlet and the exit temperature of air flowing through the test section: 
The hydraulic diameter is calculated:
The Reynolds number of air-flow in the duct is calculated from:
The f is determined from the measured value of (Δp) d across the test section length using the Darcy equation:
where
The heat transfer rate, Q u , to the air is given by:
The heat transfer coefficient for the heated test section has been calculated from:
The h t can be used to determine Nusselt number which is defined:
Validation of experimental data
The values of Nusselt number and f determined from experimental data for a smooth channel have been compared with the values obtained from the Dittus-Boelter eq. 
The f s for a smooth channel is given by the modified Blasius equation:
The comparison of the experimental and estimated values of Nu s and f s as a function of Reynolds number are shown in figs. 3(a) and 3(b), respectively.
Results and discussion
A study was conducted to understand the effect on Nu b and f b of the flow Reynolds number and discrete distance in V-pattern baffle used to provide roughness for a rectangular channel. The outcomes concerning with discrete V-pattern baffle channel have been compared with those obtained for the continuous V-pattern baffle and smooth wall channel under similar operating conditions in order to find the enhancement in heat transfer and friction. 
Thermohydraulic performance
The experimental outcomes predicted an increase in Nu b with rises D d /L v , however, f b also rises. The rectangular channel efficiency, therefore, depended on these two parameters. The rectangular channel performance enhancement owing to the baffle roughness is normally evaluated on the base of the overall performance parameter, which includes both the thermal and hydraulic concerns. The overall performance parameter was defined as the overall enhancement ratio and expressed [8] [9] [10] [11] [12] [13] [14] [15] It is apparent that only a heated surface roughness that yields a performance parameter value greater than unity is useful. The higher the value of this parameter the better the air channel performance. , of rectangular channel fitted with discrete V-pattern baffle shape on the underside of the heated wall, the following conclusions can be drawn from the current work.
• Discrete V-pattern baffle rectangular channel roughness raised heat transfer significantly, and the heat transfer enhancement is a strong function of discrete distance. This reflects that the high-velocity secondary stream jet approaches the V-pattern baffle and creates supplementary turbulence as outcomes of flow separation and reattachment. • Discrete V-pattern baffle shape rectangular channel has been found to be better overall thermal performance as comparison to without discrete V-pattern baffle shape rectangular channel. 
